This paper analyzes the effect of an accountability system in the Brazilian college market. For each discipline, colleges were assigned a grade that depended on the scores of their students on the ENC, an annual mandatory exam. Those grades were then disclosed to the public, giving applicants information about college quality. The system also established rewards and penalties based on the colleges' grades.
Accountability systems have become prevalent among policies intended to improve school quality. They typically require students to take a standardized test. The results, aggregated by school, are then disclosed to the public, and schools are rewarded or penalized depending on their performance. The impact of these policies on school quality is twofold. On one hand, rewards and penalties have a direct effect on incentives to invest in quality. On the other hand, grades disclosure informs applicants, thereby allowing them to identify high-quality schools and eliminating the lowquality ones from the market, providing additional incentives to invest in quality.
1 Examples of these policies are found mostly in the United States, in particular since the No Child Left Behind Act of 2001, but they are also found in other countries as well.
In contrast with its widespread application in basic education and despite the strength of the incentives, accountability is rarely imposed in higher education markets. 2 For this reason, empirical analysis on the effects of accountability on higher education is also scarce compared to research on the former. However, research on this subject is particularly important given the large body of literature examining the returns to higher education. 3 Moreover, it has become extremely opportune since a federal commission was established to consider the expansion of standardized testing into higher education in the United States (Arenson, 2006) . This paper analyzes the effect of an accountability policy in the Brazilian college market. I study the consequences of the National Exam of Courses (ENC henceforth) created in 1996 by the Ministry of Education of Brazil. 4 The ENC was an annual exam mandatory for every senior college 3
The empirical results suggest that the ENC had a substantial effect on college quality. I find that the ENC caused colleges to increase the percentage of faculty members with Ph.D. degrees by 1.21, a large effect considering the sample mean is equal to 18.66%. Similar results are found for other measures of faculty education. The percentage of full-time faculty also increases by 1.07 percentage points, which is also large, considering the mean of 38.95%.
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In principle, those estimates might be biased due to time-specific or discipline-specific unobservable variables that may affect both the start of the ENC and college quality. Failure to account for such effects could bias the estimates of the impact of the ENC on college quality.
However, the fact that the ENC started being required for different disciplines in different years allows me to use an empirical strategy that alleviates these biases. Since I have observations at the collegemunicipality-discipline-year level, I can control for state-year and college-municipality-disciplinefixed effects. Such an approach therefore helps mitigate the effects of time-and discipline-specific unobservable variables on the year the ENC starts and on college quality, while at the same time controlling for unobservable characteristics of college-municipality-discipline triples and time-varying characteristics of states.
Indeed, I do find evidence on the importance of controlling for time-and discipline-specific unobservable variables. Year effects in particular are found to have a stronger impact on college quality than the ENC itself. Moreover, when I do not control for time effects, the estimated effect of the ENC more than doubles. Failure to control for time effects therefore would lead to an overestimation of the effect of this policy.
I also study the effect of the ENC on the number of faculty members, the size of the entering class, and the ratio between candidates and vacancies. Two reasons motivate the analysis of its effect on those variables. First, it may help understand how the ENC affects college quality. Second, it reveals the impact of this accountability system on the enrollment and the size distributions of colleges and, thus, its effect on competition among colleges. The ENC positively affects the ratio between 8 The effect of the ENC on faculty education has also been studied by Pitoli and Picchetti (2005) .
applicants and vacancies, consistent with the disclosure of information lowering applicants' search costs. I find some evidence that such effect is weaker the lower the grade received, as expected. This effect disappears, however, when I allow the impact of the ENC to depend on college ownership, which is found to be relevant. The ENC increases that ratio by 17.1% and 14.7% for federal and state colleges, respectively, while its impact on private and municipal ones is negligible, suggesting that colleges react differently to the ENC. Indeed, the impact should be different for public and private colleges, since the former do not charge tuition, while the latter can raise it in response to higher demand.
The introduction of the ENC also causes the number of faculty members of incumbent colleges to decrease by 4.9% and their entering class sizes to decrease by 4.3%. These results suggest that the ENC favored colleges entering the market, which could not hold good reputations because they lacked a history. The ENC disclosed information about college quality, therefore serving as a substitute for reputations in indicating the best new colleges to applicants. With more information, applicant demand may have shifted from incumbents to high-quality entrants. This shift was possibly reinforced by the threat of having low-quality college-discipline pairs closed, and since this penalty was based on the record of grades, it could not be applied to entrants. Independently of whether the impact of the ENC was through information disclosure or accountability, the results indicate that it favored entrants in this market.
This paper is directly related to the literature on school accountability systems. Examples of these policies and research on their effects include the Chicago Public Schools' (Jacob, 2005 ), Chile's 900 Schools Program (Chay, McEwan, and Urquiola, 2005 ), Florida's A+ Plan (Figlio and Rouse, 2006) and FCAT (Figlio, 2005 ), Virginia's Standards of Learning (Figlio and Winicki, 2005) and the analysis of different policies by Kane and Staiger (2002) and Hanushek and Raymond (2004) and of an anonymous state by Donovan, Figlio and Rush (2006) . This research however has been restricted to policies applied to elementary and secondary education, and I contribute to it by studying the impact of a college accountability system.
Since the main effect of the ENC was through information disclosure, this paper also contributes to the literature on the impact of information disclosure about product quality, which has documented strong and varied effects in different industries. This literature has documented substantial effects of information disclosure on the quality of salad dressings (Mathios, 2000) and restaurant hygiene levels (Jin and Leslie, 2003) , on the prices of child care services (Chipty and Witte, 1998) , on the decisions of doctors and hospitals to treat severely ill patients (Dranove et al., 2003) , and on consumer learning about the quality of HMOs (Dafny and Dranove, 2005) . All these papers however do not control for time effects, presumably due either to data restrictions or because they analyze policy changes that apply to all firms in the sample at the same time. As mentioned above, the data and the policy change I analyze allow me to control for those effects -which are found to be large -yielding more reliable estimates.
This paper is organized as follows. Section 2 describes the Brazilian college market, the ENC, and the dataset. Section 3 discusses the potential effects of the ENC. Section 4 analyzes the effect of the ENC on college quality. Section 5 studies its impact on applicant competition, college size, and sales. Section 6 concludes.
2 The Brazilian College Market, the ENC, and the Data
The Brazilian College Market and the ENC
The Brazilian college market has grown significantly since the mid-nineties, both in the number of students and the number of colleges, as shown in figures 1 and 2. 9 Annual college enrollment more than doubled from 1996 to 2002. The number of private colleges also doubled in the same period, while the number of public ones remained roughly constant. Such growth was caused, among other reasons, by regulatory changes promoted by the Federal Government after 1996, which allowed more entry as well as expansion in the number of vacancies and disciplines by incumbents.
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In order to measure the quality of the colleges in this newly deregulated market, the Federal Government created the ENC in 1996. The ENC was an annual exam that was mandatory for every college senior majoring in a specific list of disciplines. Students were required to take the exam in order to obtain their degrees, although the granting of the degree did not depend on the ENC score.
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Incentives for students to perform well on the exam were twofold. First, they could show their scores when applying to jobs or graduate schools. Second, starting in 2001, students with the highest performance in each discipline were awarded fellowships for graduate studies.
The number of disciplines covered by the exam increased gradually from 3 in the first year, 1996, to 26 in the last year, 2003. Table 1 shows the changes in the list of disciplines evaluated and in the number of college-discipline pairs with valid grades until 2002. 12 The initial choice of the disciplines was based on the Ministry of Education's assessment of the tradition and importance of careers, the resistance against the exams across disciplines, and the number of students in those disciplines. For these reasons, Business Administration, Civil Engineering, and Law were already chosen in the first year (Souza, 2005) . New disciplines were announced one year before the exam in which they were introduced.
The content of the ENC was specific to each discipline. The exam was offered annually in a single day in June. For all disciplines, it lasted four hours, and its questions were divided between multiple choice and discursive ones. In December, students received in the mail a document containing their scores on the exam. The document included the overall score of the student as well as her scores on the multiple choice and discursive parts. In order to facilitate comparison, the document also included the average score of students in Brazil, in the region, in the state, and in the college where she studied.
For each discipline, colleges were assigned a grade, ranging from A to E, which depended on the average score of their students. From 1996 until 2000, college-municipality-discipline triples were 11 Students who did not take the ENC in their senior year needed to take the exam in the next year in order to obtain their degrees. 12 In 2003 Geography and Phonoaudiology were added to the list of disciplines covered by the ENC. assigned A, B, C or D if their averages were above the 88th, 70th, 30th, or 12th percentiles, respectively, and E if they were below the 12th percentile. From 2001 on, these boundaries were replaced by the sample mean plus one standard deviation, the mean plus one half standard deviation, the mean minus one half standard deviation, and the mean minus one standard deviation, respectively.
These grades were then published by the Ministry of Education and widely publicized in the media.
Besides providing information to applicants, the ENC was created as part of an accountability system that determined rewards and penalties for colleges depending on their performance. On the rewards side, universities and university centers that obtained grades of A or B would be allowed to increase the number of admitted students and to open new campuses without requesting approval from the Ministry of Education. On the penalties side, college-discipline pairs that received grades of D or E for three consecutive years and were considered unqualified in two out of three criteria (faculty qualification, educational project, and facilities) would not be allowed to admit new students until they improved their quality. 13 In case they did not, they would not be able to renew their accreditation from the Ministry, and thus would be obliged to close. 14 This accountability system however was weakened because its main threat -suspending the accreditation of college-discipline pairs -was not enforced. In 2001, the Ministry of Education suspended the accreditation of 12 colleges, but they obtained the right to maintain their status in court (Souza, 2005) . Moreover, the number of colleges in this situation was small, suggesting that this threat was a concern for a few colleges only. Thus, the role of the ENC -besides disclosing informationwas very restricted.
Two additional characteristics of the Brazilian college market deserve attention. First, students must choose the discipline they are going to follow when applying to college. Thus, competition for admission is separate and can be measured for each distinct college-municipality-discipline triple. 13 In 1998, 101 college-discipline pairs of Business Administration, Civil Engineering and Law were in this situation but eventually corrected their deficiencies. 14 The Ministry of Education guaranteed that students from colleges in this situation would be allowed to transfer to other colleges.
Second, application requirements and course sequences are usually specific for each discipline. This second characteristic, together with the first one, implies that students find it costly to move between disciplines in college. A student who has already started college and who decides to move to another discipline usually must reapply to college and start taking a new course sequence. The consequence for my empirical estimation is that the reaction of college students to the ENC must have been very limited. More specifically, students were very unlikely to change disciplines due to the ENC after starting college because it was costly to do so.
The Data
The data used in the paper are publicly provided by the Ministry of Education of Brazil. The unit of observation is a college-municipality-discipline-year quartet. The data have three important
limitations. First, colleges may have multiple campuses offering different disciplines, but the data do not distinguish campuses in the same municipality. If a college has more than one campus offering the same discipline in a municipality, then the data from the different campuses are aggregated in a single observation.
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Second, the primary dataset contains information for every college-municipality-disciplineyear quartet with students graduating in the corresponding year and only for these. Thus, colleges that already have students but do not have a senior class yet are not included in the sample. This restriction therefore limits the information on colleges that entered the market recently.
Third, observations were collected only for disciplines covered by the ENC, even though they also contain information not directly related to it, such as faculty characteristics. This is relevant because the impact of the ENC is identified comparing colleges' characteristics before and after it covers a discipline. However, since the ENC grade is released only in December -the end of the academic year in Brazil -observations from the first year a discipline is covered actually contain 15 For a few quartets, the dataset reports two observations for the same quartet. Since it does not contain information about the distinction between them, I dropped those observations from the sample. The results, however, are robust to the inclusion of those observations. characteristics before grades disclosure. Thus, the impact of the ENC can be estimated by the comparison between first-year observations with the subsequent ones. 
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This dataset also provides important independent variables from 1996 to 2002. For each observation with a valid grade I have the grade itself, ranging from A to E. Some observations were 16 Evidence on the effects of faculty composition on student performance, however, is ambiguous. Ehrenberg and Zhang (2005) provide evidence that students' graduation rates are negatively affected by the fraction of part-time and non tenure-track faculty employed at four-year colleges. Bettinger and Long (2004) study the impact of adjunct and graduate assistant instructors compared to full-time faculty members on students' performance in a sample of four-year public colleges in Ohio. They find that their impact on course completion rates can be positive or negative, depending on the field of study. Hoffman and Oreopoulos (2006) find that, in a sample from a Canadian university, students' grades or course dropout rates are not affected by objective characteristics of faculty members such as whether they teach full-time or part-time, time devoted to research, tenure or salary. Perceived effectiveness of these instructors however is found to affect student performance. 17 An important characteristic of the Brazilian market is that colleges are legally obliged to announce the number of vacancies they will offer before students apply (Law 9394 of December 20, 1996) . However, this dataset does not contain the numbers of applicants and vacancies separately, only the ratio between these two variables.
not assigned a valid grade by the Ministry of Education, either due to a small number or a low percentage of students graduating attending the exam. For each observation I also have the number of students taking the exam and this number as a percentage of the total number of students graduating.
This percentage is an important piece of the data because it controls for one mechanism colleges may resort to in order to cheat this accountability system: Similar to what has been documented for schools subject to accountability, colleges may select only their best students to take the ENC in order to obtain a grade better than they would if all their students took it. 18 However, it is highly unlikely that this practice was usual, since students needed to take the exam in order to obtain their degrees. 19 In fact, anecdotal evidence suggests that this sort of gaming was uncommon and therefore should not affect the estimations. On average, attendance was very high (see table 2 ) and the cases when it was low were mostly due to students' protests against the ENC, which were unrelated to colleges'
initiatives. Moreover, this percentage is far from economically or statistically significant as an explanatory variable in any of the estimations, as shown later in the paper.
A secondary dataset containing municipality-level observations -summarized in table 3 -provides other important control variables. It contains annual observations from 1999 to 2002 on market structure and the number of high-school students graduating in a given year. Information on market structure includes the number of colleges per ownership type and its academic classification determined by the Ministry of Education. The division of colleges by ownership separates them into the following categories: for-profit private, nonprofit private, federal, state, and municipal colleges.
20
The academic classification divides them according to the complexity of their organization. From the most complex to the most simple, they are classified as: universities, university centers, integrated 18 See Haney (2000), Deere and Strayer (2001) , Figlio and Getzler (2002) , Figlio (2005 ), Jacob (2005 , and Cullen and Reback (2006) for evidence of schools changing the pool of students taking exams in order to obtain better grades. 19 Indeed, in 1998 a few colleges were accused of restricting their pool of students taking the ENC. However, these cases were detected before the exam date, and the excluded students were then able to register and take it (Souza, 2005) . 20 Notice however that the college-municipality-discipline-level dataset described before does not distinguish between for-profit and nonprofit private institutions.
colleges, colleges, institutes of higher education, and centers of technological education. This secondary dataset, however, only registers each college's main campus. Anyway, it represents an important and detailed measure of market structure.
The data on high-school students graduating per year is divided between gender and two categories of high-school ownership: public and private. Information on market structure and highschool students was missing for a significant number of those pairs. From the 2,299 municipality-year pairs with observations in the primary dataset from 1999 to 2002, I was able to match data from this secondary one for 1,613 of them. However, after eliminating college-municipality-discipline triples that did not have a valid ENC score in every year, most remaining triples had information on market structure and high-school students: 3,305 triples from a total of 3,488. Moreover, as shown later in the paper, the regression results obtained when the sample is restricted to observations with information on market structure and high-school students are roughly the same as those obtained with the unrestricted sample.
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Potential Effects of the ENC
In this section I consider the potential effects of the ENC on the college market equilibrium. I
give special attention to dependent variables I observe in the dataset in order to test these predictions.
Unfortunately, the data do not contain any price or revenue information, and for this reason I abstain from discussing the impact of the ENC on those variables.
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In order to predict the effects of the ENC, it is important to first determine what colleges maximize. Colleges in the sample differ in important dimensions such as ownership and for-profit or nonprofit status. Those institutions therefore may have different objectives, but these should generally 21 The fact that after eliminating triples without a valid ENC score in every year the large majority of remaining triples had municipality-level data implies that the dropped and the remaining observations have different characteristics. More specifically, data is more likely to be available for municipalities with colleges with valid scores. These regression results however suggest that the ENC had a similar impact in municipalities with and without these data. 22 See for example Jin and Leslie (2003) for a discussion on the potential effects of mandatory information disclosure about product quality on prices and revenue.
be a combination of profits and quality maximization. In any case, the effects of the ENC must be qualitatively the same for any college. This accountability system imposes information disclosure of grades as well as rewards and penalties for colleges depending on those grades. Information disclosure affects colleges through applicant demand, and it is fair to assume that any college benefits from higher demand regardless of its objective. Rewards and penalties in their turn are also expected to provide similar incentives for colleges with different objectives.
The rewards and penalties create very clear incentives for colleges. The fact that universities and university centers that obtained grades of A or B would be allowed to grow without having to ask for permission implied lower bureaucratic costs or growth restrictions for those with good performances. On the other hand, bad grades could result in being prohibited from accepting new students or potentially being obliged to close, thus creating additional incentives for good performances. However, it must be highlighted that the latter penalty had never been enforced, putting in doubt the strength of these incentives.
The main effects of the ENC therefore seem to be caused by information disclosure. When grades are disclosed, applicants can identify good colleges. Even if colleges do not respond to it, applicant demand may shift from bad colleges to good ones. Thus, the ratio of applicants to vacancies should increase for good colleges relative to bad ones. If colleges are able to respond by changing their capacity but still assuming they do not change their quality, I should also expect the student enrollment and the size of good colleges to increase relative to the bad ones.
The demand shift from bad colleges to good ones actually creates an incentive for all colleges to invest in quality. College quality should, then, increase in general. Applicants should also respond to this with higher demand. Consequently, applicants to vacancies ratio, enrollment and size should increase too.
The ENC also lowers search costs for applicants. Its immediate consequence would be once again larger college demand and, thus, higher applicants to vacancies ratio, student enrollment and college size. However, lower search costs also imply more competition because applicants may now consider a larger set of colleges. Moreover, with more information about quality, applicants do not need to rely on colleges' reputations so much when choosing where to apply. Since only incumbents can have good reputations, once they become less relevant for applicants' decisions, entrants are able to compete more evenly with the former. Indeed, during the period of the ENC many new colleges entered the market, and their ability to compete with incumbents may have improved due to the exam, thus having important consequences for their size and student enrollment.
The discussion above considered only effects of the ENC that do not depend on ownership.
The impact of the ENC, however, may depend on ownership because private colleges are able to respond by changing tuition prices, as opposed to public colleges, which do not charge tuition. Thus, an increase in demand should have a weaker impact on the applicants to vacancies ratio for the former because -depending on their market power -they would be likely to increase tuition in response.
Summarizing, college quality is expected to increase with the ENC. Applicant to vacancies ratio, college size, and enrollment should be higher the better the ENC grade is, although its effect -on average -is ambiguous due to fiercer competition.
The Effect of the ENC on Colleges' Quality
Empirical Method
In this subsection I present the empirical strategy used to measure the impact of the ENC on college quality. The impact of the ENC is identified comparing college-municipality-discipline triples' quality before and after it covers a discipline. In principle, the estimates of this impact might be biased for different reasons. For example, an increasing skill premium or an increasing college competition may have fostered both the creation of the ENC and an improvement of college quality over time.
Analogously, the relative values of Bachelor degrees among different disciplines may have determined both the year the ENC started for these disciplines and the moment the quality of their courses improved. Indeed, as discussed in the previous section, those reasons actually may have contributed to the creation of the ENC. In both cases, unobservable variables would be affecting both the dependent and the independent variables. More generally, I am concerned with potential biases caused by timespecific or discipline-specific unobservable variables that may affect both the start of the ENC and college quality. Failure to account for such effects would bias the estimates of the impact of the ENC on college quality.
The policy I study allows me to use an empirical strategy that alleviates the biases discussed above. The ENC started being required for different disciplines in different years. Indeed, for every year in the sample, at least two disciplines were added to those covered by the ENC. Moreover, observations were collected at the college-municipality-discipline-year level. Thus, I control for stateyear and college-municipality-discipline-fixed effects. Such an approach therefore helps to mitigate the effects of time-and discipline-specific unobservable variables on the year the ENC starts and college quality, while at the same time controlling for unobservable characteristics of collegemunicipality-discipline triples and time-varying characteristics of states.
Another concern might be the fact that new disciplines were announced one year before the exam in which they were introduced. Colleges might respond to these announcements before a discipline started being covered by the ENC, therefore biasing the results of this before and after analysis. Unfortunately, the data are not available for previous years, preventing me to control for such response. However, a significant part of the reaction to the ENC should be concentrated in the year it starts covering the relevant discipline because this is actually when grades start being published.
Moreover, an anticipated response should bias the coefficient of the ENC towards zero in a regression analysis, if it does. Thus, a positive and significant estimate of the effect of the ENC on measures of college quality should still be interpreted as evidence of a positive impact.
The regressions in this section have the form:
Where ijkt Y is a measure of quality of college i in municipality j in discipline k and year t. α , β , Γ , and Θ are coefficients to be estimated. For ijkt Y , I use two different groups of quality measures: faculty education and the number of weekly hours they are employed at the college. These measures present an advantage over typical ones, such as the grades themselves, because they are not directly related to any action colleges may undertake in order to manipulate their grades, such as selecting only the best students to take the exam.
Thus, they constitute accurate quality measures. The number of faculty members might also serve as a measure of quality. In fact, holding the number of students constant, a larger faculty body implies smaller classes and more attention to students. However, it is unclear whether faculty or class size is indeed a good measure of quality. 23 Moreover, the number of faculty members also measures college size, and for these reasons, I analyze the effect of the ENC on faculty size in the next section only.
The vector ijkt X contains the number of students taking the exam and their percentage compared to the total number of students graduating. The vector jt W includes the market structure and high-school students variables described in the previous section and shown in table 3.
The main coefficient of interest is β , which captures the effect of the ENC on colleges' quality. A large coefficient implies a strong impact of the exam on product quality in this market.
Descriptive Statistics
Tables 4 and 5 present the sample means of the dependent variables analyzed in this section over time and across disciplines. Numbers in bold correspond to disciplines covered by the ENC for the first time. Table 5 presents the average percentage of faculty members discriminated by the number of weekly hours they are employed. These averages decrease over time for most cases. The impact of the ENC is unclear again. There is no obvious difference between changes when the ENC starts being required as compared to when it is already required. In summary, tables 4 and 5 do not provide definitive evidence that the ENC had a strong impact on college quality.
These cross tabulations however do not account for many important determinants of faculty education, such as labor market conditions and, in particular, labor demand shifts due to the entry of new colleges in the market. Indeed, as already discussed, this college market has seen massive entry since the mid-nineties. Since the observations in this dataset are colleges with students graduating, and since college programs in Brazil range from four to five years, those mid-nineties entrants should start being registered in our sample during the span of this dataset. Thus, since entrants' faculties may differ from incumbents', I would expect entry to play a significant role in determining those averages. A more conclusive analysis is left to the next subsection.
Regression Results
This subsection presents the estimates of the impact of the ENC on college quality. The first five columns of (5) at least 20 hours. Columns 6 and 7 use the same dependent variables as 1 and 2 but also include interaction terms between the ENC and college ownership among the regressors. All specifications include the municipality-level variables described above as well as state-year fixed effects and college-municipality-discipline fixed effects among its independent variables. I cluster observations by municipality-year pairs in order to obtain robust standard error estimates. 24 I also restrict the data used in these regressions to college-municipality-discipline triples with valid grades in every year the ENC covered the corresponding discipline. 25 Later in this section I show that this restriction does not significantly affect my estimates.
The coefficient I am mainly interested in is the one for the ENC. It is always positive and statistically significant, confirming the predictions from section 3. In fact, the estimates imply a substantial effect of the ENC on college quality. The estimate from column 1 implies it causes colleges to increase the percentage of faculty members with Ph.D. degrees by 1.21. This is a large effect considering the sample mean is equal to 18.66% (see table 2 ). The impact of the ENC on other measures of faculty education is also significant, although smaller. According to column 2, the ENC causes the percentage of faculty members with M.A. or Ph.D. degrees to increase by 0.99, which is still relevant considering that the sample mean is equal to 54.58%. It also causes the percentage of 24 In order to account for potential serial correlation over the years, observations can be clustered by municipality or college-municipality-discipline triples. Standard errors then become larger than those reported in the paper, but the results are mostly robust. For example, the standard error for the ENC coefficient in the first column of table 6 goes from 0.256 to 0.297 and 0.323, respectively, but even with these changes this coefficient remains significant at the 1 percent level. 25 Colleges that do not satisfy this requirement are either entrants, colleges that did not have students graduating in one of the years the ENC was required, or colleges that had their students tested but did not obtain a valid grade, most possibly because they had few students attending the exam. This restriction to my data is justified because these colleges are typically changing their characteristics -in particular those related to their facultyfor reasons other than the ENC, and therefore add noise to the estimation. weaker results were obtained when the number of weekly hours spent teaching was used as the dependent variable. 26 The ENC therefore has a significant impact on different measures of college quality. Such impact is consistent both with the effects of information disclosure, which gives colleges incentives to improve because applicants become able to identify college quality, and also with the effects of accountability, which provides similar incentives because rewards and penalties depend on grades.
Columns 6 and 7 repeat the specifications from columns 1 and 2, respectively, but also include interaction terms between the ENC dummy and ownership dummies. The ownership dummies correspond to federal, state, and municipal colleges, where private colleges are the reference group.
The coefficients on the ENC and the interaction terms indicate that ownership determines colleges' reactions to the ENC. The coefficients on the ENC are positive but differ in magnitude from their counterparts in columns 1 and 2. Interestingly, the coefficients on the interaction terms of federal and state colleges are positive when the dependent variable is the percentage of Ph.D.s (column 6) and negative when it is the percentage of M.A.s or Ph.D.s (column 7). The opposite signs of these coefficients are initially counterintuitive, but they are consistent with the fact that federal and state universities are in general better and employ more Ph.D.s on average. Thus, they should react to the ENC by hiring more Ph.D.s relative to municipal or private colleges. 26 These results, not shown in the paper, are available from the author upon request. Column 3 provides additional evidence that ignoring time effects may overestimate the effect of the ENC. I use the same specification as in the previous column, but now I drop the year dummies.
The estimate for the ENC coefficient is now 2.545, more than twice as large as the value from my benchmark. It is also the largest among all the specifications analyzed. In summary, failure to control for time effects may lead one to overestimate the effect of this policy change substantially.
In column 4, I drop the college-municipality-discipline fixed-effects. The results show that unobserved characteristics from those triples play an important role in determining their quality. The estimate on the ENC coefficient loses significance and becomes slightly larger than the one from the benchmark specification. More importantly, the regression now fits the data poorly; the R-squared drops from 0.958 to 0.247. In column 5, I repeat the benchmark specification but drop municipalitylevel controls. Such specification is important because it adds to the sample all the observations I could not match with the municipality-level data. The number of observations increases from 8,877 to larger sample, the coefficient on the ENC decreases negligibly: from 1.212 to 1.162. Column 6 repeats the benchmark specification again, but this time I also include in the sample college-municipalitydiscipline triples that did not receive a valid ENC score in every year. This sample therefore includes colleges that entered in recent years as well as those that did have classes graduating in the years sampled but for some reason were not assigned a valid score. The number of observations now increases from 8,877 to 10,980, and the number of college-municipality-discipline triples goes from 3,305 to 4,244. Once again, the coefficient on the ENC changes by a small value: from 1.212 to 1.386.
Column 7 returns to the specification and the sample of the benchmark regression, but now augmented in order to explore how colleges responded to the ENC over time. I add two dummy variables for whether a college-municipality-discipline triple's ENC grades have already been published for at least one year and for at least two years. These dummies capture colleges' responses to the ENC after one year the grades started being announced. 28 The estimated coefficients indeed imply that the responses after the first year are still substantial. The coefficient on the dummy for at least one year is statistically significant and equal to 0.977, which is close to the estimate of 1.206 of the first year with grades announced. The estimates however also suggest that these responses are concentrated in the first two years: the coefficient on at least two years is not significant and much lower than the previous one, equal to 0.203.
Two conclusions can be taken from this last regression. First, the coefficient on the ENC remains roughly unchanged when those two dummies are included in the regression. It goes from 1.212 to 1.206 only; once again showing that the results from the benchmark specification are robust.
Second, the fact that most of the estimated response is concentrated in the first two years after the ENC suggests that unobservable variables are not driving the results. If unobservables correlated with faculty education actually caused the start of the ENC across disciplines, then those results imply that the introduction of this exam also matched with some precision those short intervals. Although possible, this is quite unlikely, especially considering that those intervals started in different years for different disciplines. Instead, it is much more reasonable to consider that the ENC actually caused colleges to improve the quality of their faculties.
The Effects of the ENC Grades on Competition for Admission, College Size and Enrollment
Empirical Method
In this subsection I discuss the empirical strategy used to measure the impact of the ENC grades on student competition for college admission, college size and enrollment. I measure competition for admission by the ratio of applicants to vacancies, college size by the number of faculty members, and enrollment by the number of students entering each year. These variables constitute the dependent variables used in the regressions in this section. They are appropriate to assess the impact of the ENC for two reasons in particular. First, once again, they are not directly related to any action colleges may undertake in order to manipulate grades. Second, they are unlikely to be correlated with noise in colleges' grades. Such noise makes grades -and variables correlated with them as wellsubject to mean-reversion along the years. Mean-reversion may cause a spurious estimate of the effect of grades on any variable correlated with it. For instance, with mean reversion, a grade significantly below its historical mean is likely to improve in the next year, simply because grades vary around their means. 29 Such effect, however, may be confounded with a real one depending on the variable used. I
give particular attention to it because in this section I also measure the impact of different grades.
The regressions have the same form as in (1) but are now augmented by dummies for the ENC grades received by college-municipality-discipline triples. I include dummies for receiving grades of B, C, D, or E in the previous year, respectively, where A is left as the reference group. I expect them to be negative and monotonically decreasing since college demand should be lower the worse the grade.
Results
Table 8 presents the regression results using the natural logarithms of the ratio of applicants to vacancies, the number of faculty members, and the number of freshman students, respectively, in columns 1 and 2, 3 and 4, and 5 and 6. In the even columns I add dummies for the interaction between the ENC and federal, state, and municipal college ownership, leaving private colleges as the reference group. The sample used in this table is restricted to college-municipality-discipline triples with valid grades since the ENC started covering the respective discipline. A triple does not have a valid grade in a year the ENC already covered a discipline either if it did not have a senior class before and thus could not be evaluated, or if it did but for some reason -such as having few students graduating or present at the ENC -it did not in fact obtain a valid grade. In the appendix I show that these results are robust to the use of the unrestricted sample and also to the inclusion of dummies for the interaction between ownership and grades.
The estimates in the first column indicate that the ENC increases the ratio of applicants to vacancies for colleges in general, but this effect is weaker the lower the grade received, as expected.
Since the reference group corresponds to triples that received an A in the previous year, the estimate of the ENC coefficient implies that the exam causes an 8.7% increase in that ratio for those colleges. The grade dummies are statistically significant for grades of D and E. The estimates imply a positive monotonic impact of grades on the applicants to vacancies ratio, with the exception of the -0.028 and -0.024 estimates for the B and C dummies, respectively. These results are consistent with applicants becoming better informed about the quality of colleges, having lower search costs, and also fearing entering a college that might close later on because of bad grades.
The coefficients on the ENC and its grades, however, are not significant when the interaction dummies are included in column 2. On the other hand, the coefficients of the federal and state colleges interaction dummies are large and statistically significant. The results imply that the ratio of students to vacancies remains the same for municipal and private colleges, while it increases by 17.1% and 14.7%, respectively, for federal and state colleges after the ENC. One possible explanation -as discussed in section 3 -is that the ENC increased college demand and that colleges' responses to it varied depending on their ownership. While private ones may have increased tuition prices, federal and state colleges -which do not charge tuition -obviously did not. Thus the number of applicants to the latter should increase more.
The introduction of the ENC negatively affects the size of the faculty body, as shown in columns 3 and 4. According to column 3, it causes the faculty size to decrease by 4.9%. The grade dummies are not found to be significant, having no clear effect on the number of faculty members.
Similar results are found when entering class size is used as the dependent variable in columns 5 and 6. The ENC decreases by 4.3% the number of freshman students according to column 5. Different from the results when the ratio between students and vacancies is used as the dependent variable, the coefficients on the interaction dummies between the ENC and ownership are not significant in any specification in columns 4 and 6. Moreover, the coefficient on the ENC does not lose significanceand in fact becomes even larger -when those dummies are added to the regression. The results therefore indicate a negative impact of the ENC on size and enrollment, which is independent of college ownership.
As discussed in section 3, the potential impact of the ENC on size and enrollment was ambiguous. The result that it in fact lowered those variables therefore suggests that it fostered competition. It may have increased competition in this market by lowering consumers' search costs, thus making them informed about the quality of more colleges when choosing where to apply. It may also have diminished the value of the reputation held by high-quality incumbents, thus allowing entrants to compete in better terms. 30 They also suggest that applicant demand may have shifted from 30 The literature provides substantial evidence that information disclosure fosters competition. For example, Chipty and Witte (1998) find that average prices of childcare services are lower in areas with resource and incumbents to entrants because the latter were better, and this shift may have been reinforced by the threat of closing low-quality college-discipline pairs. This threat in fact favored entrants over incumbents because the penalties were based on the last three grades received. The record of grades was shorter for college-discipline pairs that had their first class graduating after the ENC started covering the respective discipline compared to incumbents. Therefore, the former could only be penalized at least one year after the latter. In any case, those results indicate a strong impact of the ENC on enrollment and college size.
Independently of whether the ENC affected student competition, enrollment and college size through information disclosure or accountability itself, two conclusions emerge from the analysis in this section. First, the results indicate that the ENC had a significant impact on the market equilibrium as measured by those variables. Second, the evidence also suggests that the ENC favored entrants in this market. The student enrollment and the size of colleges individually decreased with the ENC, despite the fact that the ENC increased the number of applicants per vacancies ratio and that there was a huge increase in the number of college students in the period. These apparently contradictory results can be reconciled if entrants absorbed more students, which is in fact consistent with the opening of new colleges during the period analyzed.
Conclusions
In recent years, public policy intended to improve education quality has been based primarily on accountability systems, particularly due to the No Child Left Behind Act of 2001. Those systems, however, have been mostly implemented in basic education, and as a consequence, research on the effects of accountability on higher education is scarce. This paper studied the effects of an accountability policy in the Brazilian college market. This policy was found to improve college referral agencies. Jin and Leslie (2003) find that restaurant prices decreased when hygiene cards were introduced in Los Angeles.
quality, increase the ratio of applicants to vacancies, and decrease the number of faculty members and the entering class sizes.
The robustness checks reinforced the importance of appropriate data to measure the effects of accountability and information disclosure policies. The detailed dataset and the fact that the ENC started being required for different disciplines in different years allowed me to control for timespecific effects. Time-specific effects were found to be large, and the estimated impact of the ENC on college quality differed significantly when I did and did not take those effects into account. Indeed, such policy changes may arise because consumers demand more information or quality over time, and estimates of their impact are subject to the bias caused by such endogeneity. Further research evaluating similar policies therefore should consider in particular whether the data allow the econometrician to control for policy endogeneity and thus, to obtain reliable estimates of their effects.
The results on the relation between accountability and entry raised some issues to be considered in further research and public policy. I found evidence of an uneven impact of the ENC, favoring entrants over incumbents. This evidence calls for more research on the competitive effects of accountability and information disclosure policies, which up to now has not given enough attention to differences in their impact among competing firms or schools. This bias had a particularly strong effect due to the massive college entry observed in the period. Further research and policy therefore should also consider changes in market structure when evaluating the effects of those policies.
The evidence on the impact of the ENC also opened more questions regarding how it affects college behavior and market structure. Most of the results are consistent both with the effects of information disclosure and with the effects of rewards and penalties. For example, I found evidence of a negative impact of the ENC on student enrollment and size of colleges. Whether it was due to applicants' concern that colleges with bad grades might close, or because applicants became informed about college quality, remains unclear since these two explanations are consistent with the evidence.
In fact, the events that succeeded the start of the ENC suggest that information disclosure was the most important part of the system. If this is the case, it is still unknown how it affected size and enrollment.
It may have favored entrants by providing information about colleges that did not have a good reputation yet, or it may simply have fostered competition by lowering consumers' search costs. Those questions, which relate to many industries where similar policies have been applied as well, are left for future research.
Appendix
In this appendix I test whether the results in table 8 are robust to the inclusion in the sample of college-municipality-discipline triples that did not have valid grade in every year and also to the inclusion of dummies for the interaction between grades and ownership. The results presented in tables A1, A2 and A3 were obtained using as the dependent variables, respectively, the natural logarithms of the ratio of applicants to vacancies, the number of faculty members, and the number of freshman students.
The first two columns in each of these tables correspond to the same specifications used in each pair of columns in table 8, but now I also include in the sample the triples that did not have valid grade in every year. I add to the specifications a dummy for having a valid grade in the previous year.
The results in tables A1, A2 and A3 are roughly the same as those in table 8. In particular, the estimates of the coefficient on the ENC in table 8 are very close to the sums of the coefficients on the dummies for the ENC and for having a valid grade in the previous year in the respective columns in tables A1, A2 and A3. Therefore, the results presented in section 5 are not sensitive to changes in the sample used.
The third column in tables A1, A2 and A3 present the results when ownership-grades interaction dummies are added to the regression and the sample is again restricted to triples with valid grades in every year. The fourth column in these tables presents the results for the unrestricted sample.
Once again, the estimates remain roughly unchanged when these dummies are included. Apparently, the results in column 3 of Note: All specifications include municipality-level regressors, state-year and college-municipality-discipline fixed-effects. Observations are clustered by municipality-year pairs. Standard errors in parethesis. *, **, *** denote significance at the 90, 95, and 99 percent levels, respectively. The dependent variables are ln(candidates) -ln(vacancies), ln(number of faculty members), and ln(size of entering class) in columns 1 and 2, 3 and 4, and 5 and 6, respectively. All specifications include municipality-level regressors, state-year and college-municipality-discipline fixed-effects. Observations are clustered by municipality-year pairs. Standard errors in parethesis. *, **, *** denote significance at the 90, 95, and 99 percent levels, respectively. 10,959 Note: The dependent variable is ln(number of faculty members). All specifications include municipality-level regressors, state-year and college-municipality-discipline fixed-effects. Observations are clustered by municipality-year pairs. Standard errors in parethesis. *, **, *** denote significance at the 90, 95, and 99 percent levels, respectively. 10,631 Note: The dependent variable is ln(size of entering class). All specifications include municipality-level regressors, state-year and college-municipality-discipline fixed-effects. Observations are clustered by municipality-year pairs. Standard errors in parethesis. *, **, *** denote significance at the 90, 95, and 99 percent levels, respectively. Table A3 : Robustness Checks of the Impact of the ENC on Enrollment
